RESEARCH

I
n crop plants, many traits of agronomic importance are quantitatively inherited. This is certainly true for potato (Solanum tuberosum L.), the world's fourth most important food crop (FAO-STAT, 2007) . Traits such as yield (Maris, 1969) , specifi c gravity (Freyre and Douches, 1994) , foliage maturity (Bradshaw et al., 2008) , resistance to diseases such as powdery scab [caused by Spongospora subterranea (Wallr.) Lagerh. f. sp. subterranea Tomlinson] (reviewed in Harrison et al., 1997) and late blight [caused by Phytophthora infestans (Mont.) de Bary] (reviewed in Haynes et al., 1998) , and resistance to insect pests (Flanders et al., 1992; Yencho et al., 1996) all show a continuous distribution. Many potato mapping and/or quantitative trait loci (QTL) analysis studies have been published during the course of more than two decades (Bonierbale et al., 1988; Gebhardt et al., 1989; Bonierbale et al., 1994; Freyre and Douches, 1994; Schäfer-Pregl et al., 1998; Collins et al., 1999; Visker et al., 2005; Bradshaw et al., 2008; Khu et 
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ABSTRACT
Potato (Solanum tuberosum L.) is one of the world's most important crops. Using a tetraploid population, we developed a linkage map using amplifi ed fragment length polymorphism and simple sequence repeat (SSR) markers, and searched for quantitative trait loci (QTL) via interval mapping and single-marker analysis of variance. Quantitative trait loci were detected for fl ower color, foliage maturity, tuber skin texture, dry matter content, specifi c gravity, and yield. Most linkage groups were anchored to Solanum chromosomes using SSRs. The most signifi cant QTL detected was for fl ower color. It was located on chromosome II and explained over 40% of the variation for this trait. This QTL most likely corresponds to the R locus for red anthocyanin production. We also confi rmed the presence of QTL for foliage maturity on chromosomes III and V. For skin texture, a trait that has not been previously mapped in potato, we detected multiple QTL. One of these, found on chromosome III, explained 20% of the variation. By measuring specifi c gravity and dry matter independently we were able to detect QTL for these traits that did not co-locate, even though the traits are strongly correlated. Yield QTL were detected on multiple chromosomes, including a novel one on chromosome III. Many QTL could be modeled as simplex or duplex with dominant effects, but a large number displayed additive or interallelic interactive effects. The mapping and modeling of traits in this tetraploid population could be improved by the use of more codominant markers, such as single nucleotide polymorphisms.
al., 2008). However, most of these projects have utilized diploid populations, while the vast majority of cultivated potatoes are autotetraploids (2n = 4x = 48). Autopolyploidy leads to polysomic inheritance, which is considerably more complex than disomic inheritance. Not only are larger population sizes required to accurately sample allelic combinations and model segregation ratios, the phenomenon of double reduction (Haynes and Douches, 1994 , and references therein) can skew observed recombination fractions, adversely aff ecting map distances. In addition, the modeling of genetic eff ects is more complex because tri-and tetra-allelic interactions occur within loci. While much important and useful information has been obtained from QTL analysis at the diploid level, breeding for commercial cultivars occurs at the tetraploid level, and it would be advantageous to have better knowledge of the number, location, and eff ects of QTL in a tetraploid context. In this paper, we report our eff orts to generate an anchored linkage map of tetraploid potato and to identify and quantify QTL for fl ower color and fi ve agronomic traits: dry matter content, specifi c gravity, foliage maturity, skin texture, and yield.
MATERIALS AND METHODS
Population
Our mapping population, B2721, consisted of 160 individuals from a cross between an important chip processing cultivar, Atlantic (Webb et al., 1978) , and B1829-5, an advanced breeding selection from the USDA-ARS potato breeding program at Beltsville, MD. Progeny (20 genotypes) from this cross were fi rst observed in 2004 and 2005 as part of a larger study of general combining ability for internal heat necrosis (K.G. Haynes, unpublished data, 2007) , another trait for which B2721 is segregating (McCord et al. (2010) . During 2005, minitubers generated from remnant seed from this cross were grown in the fi eld in single plant plots spaced roughly 1 m apart in the row. The fi rst 160 plants yielding enough tubers to produce at least 10 plants per genotype in the following year were collected to form B2721. McCord et al. (2010) . Data for fl ower color and foliage maturity were collected during the growing season (2008 for fl ower color, 2007 and 2008 for foliage maturity). The range of fl ower colors was subdued in this population, and the trait was scored as 0 for white or 1 for lavender. Foliage maturity ratings were taken on each plot using an 11-point scale: 0 to 0.5 = 0 to 5% yellowing; 1 to 1.5 = 5 to 10% yellowing of foliage; 2 to 2.5 = 10 to 25% yellowing/senescence, vines wilting; 3 to 3.5 = 25 to 50% yellowing/senescence, vines wilting; 4 to 4.5 = 75 to 90% senesced, vines wilting but still green; 5 = completely senesced. Plots were rated three times in 2007, on 13 June, 28 June, and 12 July. In 2008, maturity ratings were taken fi ve times, on 9 June, 17 June, 25 June, 2 July, and 9 July. Ratings for each clone and date were averaged across plots, and the means were used to calculate the area under the "senescence curve" (AUSC) via the method of Shaner and Finney (1977) .
Phenotypic Data Collection
Data for tuber traits were collected at harvest. Tubers were washed, and culled for excessive soft rot [caused by Pectobacterium carotovorum subsp. carotovorum ( Jones) Hauben et al.] only (i.e., no culling for other diseases or physiological disorders). Both total yield and marketable yield (total − weight of culls) were calculated; subsequent analyses utilized the total yield data. Yield was calculated on a per-plant basis by dividing the total weight per plot by the number of plants per plot. All tubers (minus culls) in a plot were used to calculate the specifi c gravity (SG) via the following formula:
( ) air air water SG = weight / weight -weight Tubers were scored for skin texture on a scale of 0 (smooth) to 3 (russeted). Tubers were cut longitudinally into quarters. For dry matter analysis, at least four tuber quarters (preferably from diff erent tubers) were placed into plastic bags with wire closures and frozen at −20°C, lyophilized, and weighed. Clone means and trait correlations were calculated using the MEANS and CORR procedures of SAS (SAS Institute, Cary, NC).
DNA Extraction, Marker Generation, and Linkage Map Construction
The details of DNA extraction and marker generation are presented in McCord et al. (2010) . We primarily used amplifi ed fragment length polymorphism (AFLP) markers (Vos et al., 1995) to construct our linkage maps. Simple sequence repeat (SSR) markers from tomato (Solanum lycopersicum L.) (Frary et al., 2005) and potato (Feingold et al., 2005) were included to anchor linkage groups to Solanum chromosomes. Two linkage maps, one for each parent, were constructed using TetraploidMap (Hackett et al., 2007) . This software package was developed for mapping in autotetraploid species and was designed to handle dominant markers in several dosage confi gurations, as well as codominant markers.
QTL Analysis
We used a combination of interval mapping (IM) and single marker ANOVA to detect QTL. Both procedures are available in TetraploidMap (Hackett et al., 2007) . Single marker ANOVA was only used in situations in which IM could not be reliably applied. This was the case when only one homolog of a linkage group or chromosome could be identifi ed, but also occurred for a few groups with multiple homologs. A P value cutoff of 0.01 was used to declare a marker signifi cant for a particular trait. This threshold was lowered to 0.05 in cases in which the marker was signifi cant (at P < 0.05) for that trait in at least one additional year. The IM routine of TetraploidMap fi rst produces a graphical both parents, were used to align the linkage groups where possible. This alignment was successful, with only one group from each parent remaining unaligned. In addition, the use of these "bridging" markers allowed smaller groups to be combined by virtue of their alignment to a single group from the other parent. Thirteen overall linkage groups were identifi ed in Atlantic, and 14 overall groups in B1829-5. In Atlantic, 10 of the linkage groups contained all four homologs, with the remaining three groups consisting of a single homolog (Table 4) . Only fi ve groups of B1829-5 contained all four homologs; the remaining linkage groups contained from one to three homologs (Table 4 ). Clustering of markers was apparent in many of the linkage groups (for example, Atlantic group X in Fig. 2) ; this behavior has been reported previously for AFLP markers (van Eck et al., 1995) . Linkage groups from both parents were anchored to chromosomes I, II, III, IV, V, VI, VIII, and IX through the use of previously mapped SSR markers. In addition, one linkage group of B1829-5 was anchored to chromosome XI. Total map lengths (calculated from the lengths of the overall linkage groups) were 1059.4 cM for Atlantic and 940.5 cM for B1829-5.
Dry Matter
In Atlantic, QTL for dry matter were detected by interval mapping on chromosomes II, III, and V and linkage group VII. The QTL on chromosomes II, V, and group VII were detected in more than 1 yr (Fig. 2) . Most of these QTL displayed additive or more complex gene action with the eff ect depending on the QTL alleles. One marker on chromosome VIII of Atlantic was signifi cantly associated with reduced dry matter content in 2006. In B1829-5, QTL for dry matter were found on chromosomes II, V, and VIII. Quantitative trait loci were detected on chromosome V in all 3 yr of the study; the QTL for dry matter on chromosome II were signifi cant in 2007 and 2008, while the QTL on chromosome VIII was detected in 2007 only. Three of the QTL in B1829-5 were modeled as having dominant eff ects. The QTL on chromosomes II and V in 2008 were associated with increased dry matter, while the QTL on chromosome VIII in 2007 was associated with reduced dry matter content. In addition to these intervals, two markers for increased dry matter were found on chromosome XI of B1829-5 ( Table 2 ). The range of variation explained by all dry matter QTL in both parents (excluding single markers) was 3.2 to 17.9%.
Specifi c Gravity
Quantitative trait loci for specifi c gravity were detected on chromosome II in at least 2 of 3 yr in both parents ( Fig. 2 and Table 1 ). The QTL from Atlantic displayed additive or more complex eff ects, while those from B1829-5 could be modeled as simplex dominant alleles, associated with reconstruction of a linkage group (four homologs) of one parent, utilizing a branch and bound algorithm and the marker information from all progeny. Then, the conditional probabilities of each QTL genotype are calculated at 2-cM intervals. Phenotypic data are then regressed on the QTL genotypes at each position, with the regression coeffi cients being weighted by the conditional probabilities of the QTL genotypes. The full regression model considered by TetraploidMap includes six QTL genotypes, which is the number of possible combinations of the two alleles transmitted by one parent. In addition, the fi t of 10 simpler models (the six duplex genotypes considered singly, plus four simplex genotypes) are compared to the full model.
Permutation tests were used to confi rm the presence of a QTL. TetraploidMap runs permutations in groups of 100. If the initial runs suggested the presence of a QTL (near or above the 90% threshold), we ran 1000 permutations to confi rm it. We also declared QTL present for traits with a logarithm of odds (LOD) score of at least 1.8 if the trait had been detected in at least one other year via the permutation test. In some cases, LOD profi les suggested the presence of more than one QTL on a linkage group. Only the eff ects of the most signifi cant QTL were calculated because IM assumes only one QTL per chromosome. However, we reported the location and LOD score of all secondary QTL above the 90% permutation threshold. The characteristics of QTL detected via interval mapping are listed in Table 1 , while signifi cant single markers are listed in Table 2 .
RESULTS
Trait Distributions and Correlations
As can be seen in the histograms in Fig. 1a to 1e, all continuous traits displayed a more or less normal distribution. These traits also showed a good deal of transgressive segregation in that the trait values for each parent lay fairly close to the population mean, while many individuals displayed positive or negative transgression. Flower color was scored as a binary trait, and segregated in a ratio of 37 lavender to 85 white (38 clones did not bloom). Trait correlations are listed in Table 3 . Foliage maturity was negatively correlated with yield and skin texture and positively correlated with specifi c gravity. Specifi c gravity was positively correlated with dry matter content and had a weak but signifi cant negative correlation with skin texture. Flower color was not correlated with any of the other traits.
Linkage Maps
The map of Atlantic consisted of 274 markers, 175 of which were simplex (segregating 1:1), 23 were duplex (segregating 5:1), 68 were double-simplex (segregating 3:1), and 8 were SSRs. The map of B1829-5 included 143 simplex, 25 duplex, 74 double simplex, and 10 SSR markers, for a total of 252. Thirty-two of the markers scored in Atlantic and 25 markers scored in B1829-5 remained unlinked. Several of the SSRs produced banding patterns that were diffi cult to score as a codominant marker. In these cases, individual alleles were scored as dominant markers. Simple sequence repeat and double-simplex markers, which are present in LG Parent Position LOD % Dosage/effect QTL present QTL absent Three double-simplex markers from group XIII were associated with lower specifi c gravity in 2 out of 3 yr; being doublesimplex markers, they were present in both parents. The variation explained by individual interval-mapped QTL for specifi c gravity ranged from 2.4 to 12.5%.
Maturity
As reported in McCord et al. (2010) , QTL for foliage maturity were detected on Atlantic chromosomes II, V, and linkage group XII in both 2007 and 2008 ( Fig. 2 and Table 1 ). These QTL displayed dominant gene action; the ones on chromosomes II, V, and group XII (in 2007) were associated with later maturity (lower AUSC scores), while the one on group XII in 2008 was associated with earlier maturity (higher scores). The QTL on group XII for later maturity was also detected in 2008, but its LOD peak was not as high as the one for earlier maturity, so its eff ects could not be estimated (see Fig. 2 ). A QTL with additive or complex eff ects on maturity was detected on chromosome III in 2007 only. Variation explained by these QTL ranged from 5.3 to 14.3%. A single marker on chromosome IX, E45M58_101.7, was associated with later maturity in 2007. In B1829-5, a QTL with additive or complex eff ect was detected on chromosome III in both years, which explained 18.7% of the variation in 2007 and 10.4% in 2008 . This QTL showed a shift in the LOD peak of 26 cM, so it is possible they are distinct loci. A QTL with dominant action was detected at the same position on chromosome V in both years. The QTL explained from 9.6 to 15.6% of the variation and was associated with later maturity. Two single markers were found on chromosome I, and one marker each on groups X and XII. These markers were signifi cant in 2007 and 2008, and all were associated with later foliage maturity.
Texture
In terms of interval-mapped QTL, we detected more regions associated with skin texture than any other trait except yield ( Fig. 2 and Table 1 ). Dosages and eff ects of QTL (19 total) were split between those with dominant (eight) and additive or complex (11) gene action. We detected QTL on chromosomes II and VI and group XII of Atlantic in all 3 yr of the study, which explained 2.7 to 13.6% of the variation depending on year. The QTL on chromosome II were best modeled as having additive LG, linkage group/chromosome; ATL, 'Atlantic'; 1829-5, B1829-5; LOD, logarithm of odds; %, percentage of trait variation explained; N.E., not estimable; SE, standard error. ‡
The two-digit number following each abbreviation refers to the season (2006) (2007) (2008) . yld, yield in grams per plant; sg, specifi c gravity; dm, dry matter; mat, foliage maturity; txt, skin texture. § LOD scores were between the 90th and 95th percentile in a permutation test of at least 1000 iterations. ¶ LOD scores were below the 90th percentile, but were at least 1.8, and were reported if a QTL that passed the permutation test was found in a similar location at least one other year. The two-digit number following each abbreviation refers to the season (2006) (2007) (2008) . yld, yield in grams per plant; sg, specifi c gravity; dm, percent dry matter; mat, foliage maturity; txt, skin texture.
Yield
One QTL for yield was detected in all three seasons (Fig. 2 and Table 1 ). It was located on linkage group XII of Atlantic and explained 7.9 to 9.3% of variation. 
Flower Color
The single QTL with largest eff ect was for fl ower color, present as a simplex allele with dominant eff ect on chromosome II of Atlantic. This QTL had an LOD score of 11.4, explained 41.1% of the variation, and was associated with pigmented fl owers ( Fig. 2 and Table 1 ). In B1829-5 one QTL for fl ower color was also detected. It was in a diff erent location (58 vs. 8 cM) as the Atlantic QTL on chromosome II, but was also associated with increased pigmentation. No single markers with a P-value <0.01 were detected for fl ower color in either parent.
DISCUSSION
This research provides insight into the inheritance of several important traits in cultivated potato. It also contributes information important for relating the utilization of our QTL knowledge in diploid potatoes to applied breeding in cultivated autotetraploid potatoes and underscores the need for additional QTL analyses in tetraploid potatoes.
In general, linkage mapping and QTL analysis in autotetraploids is more diffi cult compared to diploid species. Larger population sizes are required to adequately sample allelic combinations, and more markers are required to provide adequate coverage of the additional homologous chromosomes. In addition, tri-and tetra-allelic interactions can occur, a phenomenon not seen at the diploid level. Despite these challenges, it is worthwhile to map and model traits in a tetraploid context because information from diploid potatoes regarding important traits cannot account for these higher-order allelic interactions. In addition, the condition of polyploidy can cause changes in both genome organization (Song et al., 1995; Luo et al., 2004) and gene expression (Lu et al., 2006; Pan et al., 2008 ) that would not be present at the diploid level. The results of our QTL mapping study demonstrate some of the complexities of tetraploid genetics. They also reinforce previous QTL mapping research using both tetraploids and diploids and identify previously unreported QTL for traits of agronomic importance.
Mapping and Modeling QTL in Cultivated Potato
This QTL mapping experiment demonstrated some of the complexities associated with mapping in the autotetraploid cultivated potato. Many of the QTL we detected could not be explained by a simplex or duplex dominant model. Consider, for example, the QTL for skin texture on chromosome III of B1829-5, which explained more than 20% of the variation for the trait. In Fig. 3 , it appears that genotype Q24 is signifi cantly diff erent than all other genotypes, suggesting a duplex dominant eff ect. In this case, the failure of such a model to be a statistically good fi t to the data is probably due to poor marker density. Indeed, it can be seen in Fig. 4 that only homolog 4 has markers along the length of the chromosome, and that homolog 3 contains only one marker. Better marker coverage would increase the power to detect the fi t of simpler models in this example. This example is a good illustration of the additional number of markers required for good map coverage in tetraploid versus diploid potato; there are twice as many homologs to cover.
Another example illustrating the complexities associated with mapping in autopolyploids is illustrated in Fig. 5 with the QTL for maturity detected on chromosome III of Atlantic in 2007. Here, genotype Q12 contributes to a lower AUSC or later maturity date compared to the other possible genotypes. However, a duplex dominant model is not suffi cient to explain the observed phenotype because ***Signifi cant at the 0.0001 probability level. † Maturity, foliage maturity; SG, specifi c gravity; DM, dry matter; Texture, skin texture. ‡ NS, nonsignifi cant at the 0.05 probability level.
there are diff erences in the phenotypic means of the other fi ve QTL genotypes. This suggests an additive model, which is more complex than that for a diploid due to the presence of more alleles. Additive and interactive (i.e., Unless specifi ed by the term "group," roman numerals refer to actual chromosomes. Amplifi ed fragment length polymorphism (AFLP) markers are denoted by the Keygene system of primer combinations (http://wheat.pw.usda.gov/ggpages/keygeneAFLPs.html). The number after the underscore symbol is the approximate size in base pairs. Size estimates followed by a negative sign or letters refer to markers which were shorter than the shortest size marker measured. Tomato simple sequence repeat (SSR) markers are denoted by the SSR prefi x and potato SSR markers by the STI prefi x. Markers in bold type indicate SSR or double-simplex AFLP markers segregating in both parents, that were used to align the parental maps. Signifi cant single markers are annotated by the trait(s) they are associated with and underlined if they affect the trait in a positive direction or italicized if they have a negative effect. Quantitative trait loci (QTL) are identifi ed by shaded bars which represent a 1-LOD (logarithm of odds) interval. Bar shading codes are the following: black, dominant reducing effect; white, dominant enhancing effect; light gray, additive or complex effect; dark gray, nonestimable effect. Maps were drawn using MapChart (Voorrips 2002) , with minor edits made using GIMP 2.2 (www.gimp.org).
nondominant) eff ects could probably be modeled more accurately by treating the homologs as separate chromosomes and performing multiple interval mapping (Kao et al., 1999) , but this would require increased marker coverage across homologs. Even if the simple additive eff ects of various alleles were known in a diploid or disomic context, they may not accurately predict the eff ects in a tetraploid or tetrasomic background. These examples demonstrate the complexity encountered by working in a tetraploid system. In particular, the second example demonstrates the need for modeling traits in potato at the tetraploid level.
Trait Correlations
The correlation between tuber dry matter content and specifi c gravity has long been known (LeClerg, 1947) , but in our case the correlation (r = 0.49 averaged over 3 yr) was not as strong as that reported by LeClerg (r = 0.81-0.85) and others (Houghland, 1966, r = 0.81; Schippers, 1976, r = 0.91 Kushman and Haynes (1971) combined previous comparisons of specifi c gravity and dry matter to show that the relationship between the two can vary depending on the variety used; our population consisted of 160 clones or "varieties." This correlation can also vary between populations. A secondary mapping population (McCord et al. (2010) was also phenotyped in 2007 and 2008; correlations between specifi c gravity and dry matter were 0.85 and 0.90 for the 2 yr, respectively. Quantitative trait loci for yield and foliage maturity were detected on some of the same chromosomes, and the correlation between these traits is most likely physiological; clones that have a lower AUSC (later maturity) can take advantage of more of the growing season to increase their yield. The correlation between maturity and specifi c gravity can be at least partially explained by the colocalization of QTL for these traits on chromosome III of Atlantic, and chromosome V and group XII of B1829-5. Quantitative trait loci for skin texture and foliage maturity that are located in similar positions on chromosome V and group XII of Atlantic and chromosome III of B1829-5, could account for the relationship between these two traits. Similarly, the correlation between skin texture and specifi c gravity may be due to the co-localization of QTL for these traits on chromosomes II of Atlantic and V of B1829-5.
QTL-Corroborations and New Findings
As mentioned in the introduction, numerous QTL studies in potato have been performed over the years. These gave us a background of data to which we were able to compare our own QTL discoveries. A number of these earlier studies detected major QTL for foliage maturity, a trait previously shown to be correlated with resistance to late blight (Collins et al., 1999) . Collins et al. (1999) , Visker et al. (2005) , Malosetti et al. (2006) , and Bradshaw et al. (2008) found major QTL for foliage maturity on chromosome V. Our experiments confi rmed these results because we also detected QTL for maturity on chromosome V in both parents of B2721, in both years that data were gathered for the trait (2007 and 2008) . Visker et al. (2005) also detected a QTL for maturity on chromosome III, which was corroborated by our fi ndings.
The most signifi cant QTL detected in this study was for lavender fl ower color, on chromosome II of Atlantic. The R locus on chromosome II is involved in red anthocyanin production in potato fl owers (van Eck et al., 1993) . The R locus behaves in a dominant fashion, as did the QTL that we uncovered for fl ower color. Furthermore, the QTL fi ts a simplex model very well, and Atlantic is known to be simplex for the R locus (De Jong et al., 2004) . It is likely that the QTL we have detected is indeed the R locus. This hypothesis could be easily confi rmed because the gene for R, a dihydrofl avonol 4-reductase, has recently been cloned (Zhang et al., 2009) . A QTL for pigmented fl owers was also located on chromosome II of B1829-5, but at a diff erent position (58 vs. 8 cM). More extensive marker coverage may help refi ne the positions of these QTL, but it does not seem likely that they are allelic.
Specifi c gravity, dry matter, and starch content are highly correlated traits (Table 4 , see also LeClerg, 1947; Houghland, 1966) . Therefore, one should expect linkage or co-localization of QTL for these traits. Quantitative trait loci for specifi c gravity were detected across multiple populations and environments on chromosomes I, II, V, and VII by Freyre and Douches (1994) . We also detected QTL for specifi c gravity on chromosomes II and V in our mapping population. Bradshaw et al. (2008) estimated tuber dry matter content based on specifi c gravity measurements, and located a QTL on chromosome V as well. Schäfer-Pregl et al. (1998) estimated tuber starch content from specifi c gravity measurements in two diploid populations, one a cross between two dihaploid S. tuberosum individuals, the other a cross between a diploid S. tuberosum × S. chacoense Bitter and another dihaploid S. tuberosum. They detected 18 QTL for starch content, which were located on all 12 chromosomes. Li et al. (2008) also used specifi c gravity to estimate starch content and identifi ed signifi cant marker-trait associations on chromosomes II, III, V, VII, VIII, IX, X, and XI. This corresponds well with our detection of QTL for specifi c gravity/dry matter on chromosomes II and V (as just mentioned), and also chromosomes III, VIII, IX, and XI. By measuring tuber dry matter both directly and indirectly, we followed a slightly diff erent approach than Bradshaw et al. (2008) , Schäff er-Pregl et al. (1998), and Li et al. (2008) . As a result, we were able to detect QTL for dry matter per se on chromosomes II, III, V, and VIII in the same regions as QTL for specifi c gravity, but also QTL for dry matter on chromosome XI and the major subgroup of group VII, where no specifi c gravity QTL were found. Likewise, we detected signifi cant single markers for specifi c gravity, but not dry matter, on chromosome IX and groups VII (minor subgroup), XII, and XIII.
Schäfer-Pregl et al. (1998) discovered yield QTL on chromosomes I, II, V, VI, VII, VIII, X, and XII. Bradshaw et al. (2008) also located QTL for yield on chromosomes I and VI, and Li et al. (2008) used association mapping to identify a minor QTL for yield on chromosome V. Our most consistent QTL for yield were on chromosomes II, III, and V and unanchored group XII of Atlantic and chromosome VI of B1829-5, though we did detect a yield QTL in a single year on chromosome VIII. These results correlate well with the previous studies.
In addition to fi nding additional support for QTL already reported, we have discovered important regions not previously reported in the literature. Skin texture is an important trait in potato because a smooth skin is desirable for fresh-market varieties. Our population showed good segregation for skin texture, from smooth to russeted. In terms of explained variation, skin texture QTL were the most important of the QTL for agronomic traits. In particular, the QTL on chromosomes III and IX of B1829-5 are of interest due to their consistent detection and signifi cant eff ect on the trait. A marker or markers for this trait would allow early screening of progeny for desirable skin texture, especially in a cross expected to segregate for the trait. This could make it more feasible to use a parent with undesirable skin texture, but with other desirable traits. In addition to the QTL for skin texture, our results suggest the presence of a QTL for yield on chromosome III, which to our knowledge has not been reported previously.
CONCLUSIONS
The fi ndings we have presented, along with the recent work of Bradshaw et al. (2008) , Khu et al. (2008) , and Sagredo et al. (2006) have demonstrated both the challenges and the feasibility of studying potato genetics using tetraploid potatoes. We have provided corroborating evidence for the presence of foliage maturity QTL on chromosomes III and V; QTL for specifi c gravity and/or dry matter on chromosomes II, V, VIII, IX, and XI; and QTL for yield on chromosomes II, V, VI, and VIII. In addition, to our knowledge we have mapped the fi rst known QTL for potato skin texture and identifi ed a new QTL for yield on chromosome III. With additional markers, it will be possible to more accurately model and select for valuable traits in this important crop at the tetraploid level. An eff ort to map and model traits in a tetraploid population using sequence-specifi c multi-allelic markers should be undertaken. This would be more efficient than using AFLP markers, which are random and less informative and tend to cluster, even though they are less expensive on a per-marker basis. The PoMaMo (Potatoes, Maps, and More) database (Meyer et al., 2005 ) is a current source of potato single nucleotide polymorphisms (SNPs) and will be augmented by high-throughput SNPs generated by SolCAP (Solanaceae Coordinated Agricultural Project; Douches and De Jong, 2009) , with available data hosted at the Solanaceae Genomics Resource at Michigan State University (http://solanaceae.plantbiology.msu.edu/). Multi-allelic, polymerase chain reaction-based markers are available in increasing numbers and should permit the continuation and refi nement of mapping and modeling important traits of potato at the tetraploid level.
